Effect of the length on the tensile deformation of nickel nanowires studied using molecular dynamic simulations by Nurhanis Sofiah, Abd Ghafar et al.
 
RESEARCH ARTICLE                                         Adv. Sci. Lett. 4, 400–407, 2011         
 
 
Copyright © 2011 American Scientific Publishers                                              Advanced Science Letters 
All rights reserved                                                                                                      Vol. 4, 400–407, 2011 
Printed in the United States of America 
 
 
 
 
 
 
Effect of the Length on the Tensile Deformation of 
Nickel Nanowires Using Molecular Dynamics 
Simulations 
A. G. N. Sofiah1, M. Samykano1*, J. Rivas Murillo, N. A. C. Lah1, D. Ramasamy1, K. Kadirgama1 & M. M. Rahman1 
1Faculty of Mechanical Engineering, Universiti Malaysia Pahang, Malaysia. 
  
 
In the recent years, with the fast advancement in the fields associated with nanoscience and nanotechnology, metal nanowires, 
in specific have received enormous attention among researchers due to their fascinating properties and applications. In this 
study, the Young Modulus and failure behavior of Nickel (Ni) nanowires 7.04 nm in diameter with eight (8) different lengths 
(17.60, 21.12, 24.64, 28.16, 31.68, 35.20, 52.80 and 70.40 nm) were successfully modeled for uniaxial tensile tests using 
Molecular Dynamic (MD) simulations. MD simulations were performed at a fixed point of the temperature of 300 K and a 
constant strain rate of 0.0001 ps-1. The finding showed that these Ni nanowires have a Young Modulus between 140.02 to 
142.5 GPa. We strongly believe that the variation of the length model has no significant influence on neither the Young 
Modulus nor the failure behavior. All the investigated nanowires demonstrated ductile failure behavior type, in which 
represents a typical behavior of Ni at bulk scales. 
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1. INTRODUCTION 
In recent decades, nanometer-size structures have 
attracted a lots of interest due to their unique mechanical, 
electronic, optical, magnetic properties1-3. The smaller the 
structure size, the larger the surface to volume ratio4. As 
one of the most important one-dimensional (1-D) 
nanostructures, metallic nanowires such as Nickel, 
Copper, Cobalt, Silver, and Gold are expected to play a 
major role in the future of advanced applications. 
Recently, considerable attention has been focused on 
these type of nanowires because of their great potential in 
a variety of applications. This 1-D nanostructures have 
been used in molecular electronics, diagnostic biosensors, 
novel scanning microscopy probes5, nano-electro-
mechanical systems (NEMS)6, reinforcing phases in 
advanced nano composites7, electrochemistry8, opto-
electronic device9 and building blocks10. 
*Email Address:  mahendran.samykano@gmail.com 
 
 
As the dimension of a crystalline material is 
reduced to the nanometer scale, for instance, a wire with a 
diameter range of hundreds of nanometers to sub-
nanometer, the mechanical strength is expected to 
increase dramatically11. Similar to the other nano-
structures, nanowires have been shown to have a size-
dependent mechanical behavior due to the effect of 
surface stresses and large surface-to-volume ratio12,13. 
Subsequently, the gradual size reduction of engineering 
products further drives the micro- and nano-mechanical 
testing procedures become very important14. Accordingly, 
many studies have been devoted to studying the 
mechanical properties of a nanowire using different 
techniques includes scanning electron microscope (SEM), 
atomic force microscope (AFM) and transmission 
electron microscope (TEM) to extract the properties of 
nanowires. Nonetheless, all of these techniques do have 
limitations to produce accurate results. Therefore, serious 
challenges arise when experimental investigations of their 
properties are considered15.  
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